Background: Chronic rhinosinusitis (CRS) has a high prevalence and significant cost and quality of life implications. Many types of practitioners care for patients with rhinosinusitis; however, patients with chronic or complicated conditions are often referred for tertiary rhinology services. It is unclear how social determinants of health affect access and utilization of these services. A better understanding of social barriers to tertiary rhinology care is needed to reduce health care disparities and improve health outcomes. The aim of the present study was to measure whether income, insurance status, race, and education affect utilization of tertiary rhinology care.
I n North America, chronic rhinosinusitis (CRS) affects roughly 5-6% of the general population 1,2 and accounts for approximately $8.3 billion in overall direct health care costs annually. 3 CRS is associated with significant morbidity and has quality-of-life consequences similar to patients with angina, congestive heart failure, chronic obstructive pulmonary disease, and chronic back pain. 2 Despite a high prevalence, cost, and substantial quality-of-life implications, CRS research has been limited and contradictory with regard to its association with social determinants of health. According to the World Health Organization, social determinants of health involve the fundamental aspects of one's living and working circumstances, including socioeconomic status (SES), employment, insurance status, education, and race, that can directly or indirectly affect one's health. 4 In general, patients with a lower SES have poorer access to care and are less likely to seek medical assistance or be referred to subspecialists, despite having higher disease burdens and, subsequently, worse clinical outcomes. 3, [5] [6] [7] [8] [9] The same paradox of high disease burden among those with a lower SES and less utilization of care seem to exist for CRS. 2, 3, 10, 11 Disparities in health care have major implications. Both the National Institutes of Health and the Institute of Medicine recognized this and highlighted that certain groups are underrepresented in clinical trials and surgical outcomes research. [12] [13] [14] Underrepresentation means that the effectiveness of interventions in these groups must be extrapolated from participants with disparate characteristics. A clearer understanding of how race and SES indicators, such as education, income, and insurance status, are associated with utilization of tertiary CRS care is needed as the medical community strives to reduce health care disparities and to improve health outcomes. As such, the aim of the present study was to investigate how income, insurance status, race, and education affect tertiary rhinology utilization in an urban or suburban population by using county-level U.S. Census data 15 , combined with regional tertiary care hospital statistics.
METHODS
This retrospective study was performed in accordance with the Declaration of Helsinki, Good Clinical Practice, and applicable regulatory requirements. The Vanderbilt University Medical Center Institutional Review Board approved this study (161080), and informed consent was waived due to the study's retrospective nature.
Patient Population
All adult patients (Ն18 years) diagnosed with CRS (ICD9) 16 by a fellowship-trained rhinologist from 2010-2014 and who resided within Davidson County, Tennessee (which includes Nashville), were identified through administrative records. The 2010-2014 time frame was selected because this is the period over which the U.S. Census reported community-level data. Data extracted for each patient included age, race, ZIP code of primary residence, and insurance status (commercial, Medicare, Medicaid, uninsured). Patients presented for evaluation by a rhinologist at Vanderbilt University Medical Center by referral from a primary care provider or another physician, such as an allergist, a pulmonologist, or an otolaryngologist. Some patients presented by self-referral; however, many insurance providers required specialist referral by a primary care provider or another physician.
D O N O T C O P Y

Institution-Level Data
Vanderbilt University Medical Center-wide adult patient data (Ն18 years) were provided through hospital operations and analytics for comparison (e.g., age, race, insurance status). Excluded were patients who resided outside of Davidson County. Patient's race was selfreported in hospital intake records. In instances in which the patient elected not to report his or her race, he or she was classified as "unknown."
County-Level Data
U.S. Census Bureau data (2010-2014) was accessed to determine the median age, race and/or ethnic distribution, median household income, educational level, and insurance status distribution for adults (Ն18 years) in each ZIP code within Davidson County. In Davidson County, there were seven hospitals and four fellowship-trained rhinologists; all four were at Vanderbilt University Medical Center.
Outcome and Variables
Rhinology utilization rate was defined as the number of unique patients seen for CRS between 2010-2014 from a Davidson County ZIP code divided by the population from a specified ZIP code based on 2014 U.S. Census Bureau American Community Survey statistics. The 28 ZIP codes in Davidson County were stratified by median income into (1) Ͻ$34,999, (2) $35,000-49,999, (3) $50,000-74,999, (4) $75,000-$99,999, and (5) Ͼ$100,000. This stratification method was used because it is the one used by the U.S. Census Bureau data report.
Statistical Analyses
Characteristics (median age, race, insurance status, median income) of patients who used rhinology services were first compared with population-level data from Vanderbilt University Medical Center and Davidson County by using 2 and Kruskal-Wallis tests when appropriate. In univariate analysis, we next compared the rhinology utilization rate, race (white versus nonwhite), insurance status (private versus other), and college educational attainment rates among ZIP code income strata by using the Kruskal-Wallis test. Multivariate regression analysis was used to determine independent predictors of rhinology utilization. Continuous variables are reported as medians and interquartile ranges (IQR). All statistical tests were performed by using Stata 12MP (StataCorp, L.L.C., College Station, TX), and p Ͻ 0.05 was used to represent statistical significance. Geographic representation of small area variation in rhinology utilization rates by Davidson County ZIP code was created by using Microsoft Power-Point (Microsoft Corp., Redmond, WA).
RESULTS
Demographics
Vanderbilt rhinologists diagnosed CRS in 1341 unique patients (median age, 50 years, 55% women, 80% white, 82% with private insurance) from Davidson County between 2010 and 2014. Demographic and socioeconomic factors were compared among patients with CRS and (i) adult patients from this county seen at our tertiary care hospital (n ϭ 227,129), and (ii) Davidson County residents (n ϭ 490,290) ( Table 1) . Patients with CRS (median age, 50 years [IQR, 38-62 years]) were older than the median age of adults cared for at the hospital (median age, 43 years [IQR, 30.4-55.6 years]) or who lived in Davidson County (median age, 40 years [IQR 31-52 years]) (p Ͻ 0.001). The patients with CRS were also disproportionately white (p Ͻ 0.001) and privately insured (p Ͻ 0.001) in relation to comparators.
Small Area Variation
Tertiary rhinology utilization differed 5.4-fold across Davidson County's 28 ZIP codes (median, 2.1 [IQR, 1.8-3.2]; range, 1.2-6.6). Two county maps are shown in Fig. 1 that geographically demonstrate median income (A) and utilization rates (B). A strong positive relationship was observed between rhinology utilization and the ZIP code median income level. This association was confirmed in stratified analyses that showed that utilization was significantly higher in the top two income strata (Ͼ$75,000) compared with the lower income strata (Ͻ$75,000) ( Table 2 ) (p ϭ 0.001). A higher median ZIP code income was also significantly associated with a higher percentage of college-educated whites with private insurance.
Adjusted Analysis
Regression analysis when adjusting for race (white or nonwhite), private insurance (yes or no), and college education (yes or no) found that college education alone was an independent determinant of utilization (Table 3 ). Specifically, there was a 4% increased rhinology utilization for every 1% increased percentage in college educational level within a ZIP code in Davidson County, Tennessee (coefficient 0.04 [95% confidence interval, 0.01-0.07]) (Fig. 2) . The relationship of regression analysis between rhinology utilization rate and education is shown in Fig. 2 . An R C value of 54% indicated that the model explained 54% of the variability of data around its mean, which indicated that education was a relatively strong predictor of rhinology utilization.
DISCUSSION
Social factors that affect access to and utilization of rhinology care are poorly understood, despite the significant health care burden that Failure to include diverse patients in trials can bias research findings and thereby limit their applicability to underrepresented portions of the population. 14 In the present study, social determinants of health, including income, educational level, insurance status, and race, were each strongly associated with the likelihood of using a tertiary rhinology service. Those patients from ZIP codes with higher median incomes (Ͼ$75,000) were twice as likely to be seen by rhinology specialists than those with lower income levels ( Fig. 1) . Interestingly, after adjusting for these factors, the only independent predictor of utilization was the educational level. Specifically, there was a 4% increased rate of rhinology utilization for every 1% increase in the college-educated population in a ZIP code within Davidson County, Tennessee. Of note, the sample size of ZIP codes (n ϭ 28) was small. We would expect that, with greater power, other social determinants would also be significantly associated with utilization.
Analysis of the demographic data of this study indicated that patients seen by a Vanderbilt rhinologist were more likely to be older and white than the Vanderbilt patient population or the Davidson County population, but there was no statistically significant difference between gender distribution. The median age of the Vanderbilt rhinology group was higher (median age, 50 years [IQR, 38-62 years]) than the hospital or county populations (hospital median age, 43 years [IQR, 30.4-55.6 years]; county median age, 40 years [IQR, 31-52, years]) (p Ͻ 0.001). Patients from the Vanderbilt Rhinology group were also more likely to be white than any other racial group (p Ͻ 0.001). This is in concert with data from a 2009 National Health Interview Survey that demonstrates that, although whites and African Americans report similar rates of sinusitis, more whites are seen by a specialist or receive surgical treatment. 10 Although the majority of the patient population were women, this was not significantly different from the gender distribution of the hospital or surrounding county. This contrasts with analysis of recent data that indicates that CRS is more prevalent in female than male patients. 17 Several explanations for the apparent relationship between social determinants of health and rhinology utilization are possible. First, more economically advantaged patients (higher income, insurance coverage) likely have greater access to medical care, particularly specialists. In the present series, a higher income bracket was associated with a lower proportion of minorities and a greater percentage of privately insured and college educated citizens, which indicated that combinations of social determinants may affect rates of rhinology utilization. Disparate utilization of rhinology care was previously observed by Soler et al., 10 who found that minorities and those of lower SES tend to delay medical care due to cost-related concerns and, thus, are less apt to see expensive medical specialists or to have surgical procedures. Furthermore, patients who are insured and have more education tend to have better health literacy and more routinely see their primary care physician, when chronic issues such as CRS are likely to be addressed. 18 Inequity in rhinology care could represent either over-or underutilization. Many factors may affect unevenness of care, including variations in access to care, patient proclivity to seek care, use of diagnostic testing, and physician threshold to refer to specialists. 19 The finding that rhinology utilization is greatest in higher income and highly educated ZIP codes could represent a case of overutilization. The patients with higher incomes or educational attainment may have more regular primary care visits and also a lower threshold to be referred to a specialist for nasal symptoms where they would be diagnosed with CRS. It is equally possible that persons from ZIP codes with lower median income and educational levels who may have symptoms consistent with CRS may not seek or cannot afford specialty care and, therefore, underuse the specialty care. There are many possible factors that contribute to why those from disadvantaged social situations are unable to use tertiary rhinology services, which could include less job security, worse coping mechanisms, poor transportation services, or less control over one's work or home life, all factors associated with lower SES and worse health. 4, 6, 20 Small area variation data such as that presented here are hypothesis generating and cannot uncover which phenomenon, over-or underutilization, is occurring. However, analysis of these data effectively exhibited an inequality in rhinology utilization, which seemed to be closely linked to the social determinants of health discussed.
A second possible explanation for the disparity is that those with higher income or educational level actually had higher rates of CRS and required escalated rhinologic care. Some investigators might argue that greater economic means translates into cleaner homes and less exposure to "friendly" microbes early in life, which are needed to train the immune system to react appropriately to stimuli. 21, 22 Ostensibly, this "hygiene hypothesis" seems plausible because CRS has been closely related to immune dysfunction. However, the opposite effect has been consistently shown for asthma, which shares an etiologic immune connection. Specifically, results of some studies indicate that persons from lower SES are more likely to develop asthma. 3, 5 Thus, we did not believe that the hygiene hypothesis was a likely explanation for the observed variation and disparities in tertiary rhinology utilization.
There are inherent limitations to our study. As is convention in other similar variation studies, median ZIP code incomes were used as a surrogate for individual patient incomes. Although this study design risked the introduction of ecologic fallacy, in which conclusions about individuals were based on analysis of group data, the results of this study were intended to be hypothesis generating and to encourage further research to determine if, in fact, there is a true association. Another consideration is the generalizability of the findings. It is possible that patients seen by rhinologists and the population of Davidson County are not representative of other academic medical centers or the U.S. population. In addition, there may be unknown environmental factors at play. Local toxins, inhalants, or pollutants that we are unaware of may play a larger role in CRS development than SES. Another consideration is the large Vanderbilt patient population of "unknown" race. At Vanderbilt, race is selfreported, and, for any patient who declines to designate his or her race or who is not asked, race is listed as "unknown." Although only 5% of the Vanderbilt rhinology group's patient race was listed thus, 18% of the Vanderbilt general patient population was listed as "unknown." Thus, the race of the two populations may not vary significantly. Furthermore, community physician referral practice patterns and patient insurance requirements may affect which patients present for tertiary rhinology care. Although the only fellowship-trained rhinologists in Davidson County are at Vanderbilt University Medical Center, most local general otolaryngologists treat patients with chronic sinus disease and only refer them to a tertiary care physician for more complicated disease. Patients may also be referred by a primary care provider or another physician to a rhinologist for evaluation of CRS. Most insurance providers require referral by another physician for evaluation by a specialist; however, some providers allow for selfreferral. All of these factors may affect which patients present for tertiary rhinology care. However, U.S. insurance referral practices may not be entirely culpable. A 2011 study by Kilty et al. 2 that involves Canadian patients demonstrates that lower family income and lower educational level are associated with higher self-reported sinus disease symptom severity (p Ͻ 0.05). It was hypothesized that, even in the setting of the Canadian universal health care system, SES may have affected specialist referrals from a primary care provider, with only the more severe cases in the lower SES group being referred.
Nonetheless, our observations strongly indicated that social determinants of health influence the utilization of tertiary rhinology care. The findings described herein are not unique and have corollaries across medicine and major health policy implications. As observed previously, income, educational level, and insurance status influence health outcomes. [23] [24] [25] Higher income, higher educational attainment, and better health insurance correlate with improved health. 20 These factors need to be carefully weighed when considering the generalizability of findings from studies that underrepresent minorities and those of lesser economic means.
CONCLUSION
Social determinants of health (race, income, education level, insurance status) impact the utilization of rhinology subspecialists. Although income, race, insurance status, and education were all strongly associated with utilization, the only independent predictor was attainment of a college education, which may underlie the other observed social disparities. It was unclear whether the findings herein represented overutilization in the economically advantaged or underutilization in the economically disadvantaged. Further study is needed to investigate these relationships. 
